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TEACHER EDUCATION FROM A CONSTRUCTIVIST PERSPECTIVE:
THE EDUCATIONAL LEADERS IN MATHEMATICS PROJECT

Martin A. Simon, Pennsylvania State University
Deborah Schifter, Mount Holyoke College

Abstract

The Educational Leaders in Mathematics (ELM) Project, was an experimental
inservice program for teachers of mathematics, grades kindergarten to twelve. The
major focus of the Project was to help teachers develop and implement approaches
to mathematics instruction based on a constructivist view of learning.

ELM demonstrated the significant impact of combining consiructivist,
summer, inservice institutes with intensive, ongoing follow-up support. Teachers
not only integrated into their instruction new strategies, but also showed evidence
of having developed constructivist views of mathematics learning as a basis for their
instructional decisions.

Students attitude scores and teachers observations reflected improvements in
students' attitudes about, conceptions of, and communication in mathematics as well
as in problem solving and conceptual understanding. ELM demonstrated that
teachers can make student understanding and problem solving high priority and
decrease emphasis on computational skills without a drop off in tests results.

This monograph describes the ELM Project's philosophical basis and

methodology, and presents the instrumentation results, and conclusins in detail.

s




TABLE QF CONTENTS

1 INTRODUCTION
Pedagogical Principles
Principles of Teacher Education
Project Goals

2 PROGRAM STRUCTURE

Backaground

Outline of the Program

Description of Program Components
Stage One: Summer Institutes
Stage Two: Classroom Fol low-up
Stage Three: The Advanced Institute
Stage Four: 1Inservice Leader Apprenticeship
Stage Five: Inservice Leadership

3 INSTRUMENTATION
Questionnaires
Attitude Surveys
Standardized Mathematics Tests
Agsessment of Constructivism in Mathematics
Instruction

4 RESULTS AND DISCUSSION
Impact on Teachers
Teachers’ Writing and Evaluation Questionnaires
Other Activities
Discussion of impact on teachers
Impact on Instructional Practice: Classroom
Implementation
Assessment of Constructivism in Mathematics
Instruction
Discussion of impact on instructional practices
Impact on Students
Attltude Surveys
Standardized Tests
Teacher Nbservations
Discussion of Impact on Students
Impact on Districts
Stage Four Workshops
Administrators’ Feedback
Discussion of Impact on Districts

S CONCLUSIONS
Limitations of ELM
Next Steps
BIBLIOGRAPHY
APPENDIX A: Questionnalres

APPENDIX B: Student Attitude Surveys

OO~ OV

17

25
25
25
34
35

37

37
37
39
39
41
41
42
44
44
46
45

49
51
54
56
58

80




Q

ERIC

Aruitoxt provided by Eic:

CHAPLER ]

INTRODUCTION

The Eaucatinnal Leacers 1n Marthematics (ELM) Project
whilcnh was concucted by the SummerMatn for Teachers Proaram
at Mount Holvoke Coliege wvas an experimental 1nservice
proaram for teachers of mathematics. graaes xkilnaergarten to
twelve. The ma.or focus of the project was to heip teachers
develop and 1mpiement approaches to mathematicsS 1NSTtructilon
based on a constructivist view of learning. To this end.
the progject combined summer i1nstltutes with 1ntensive
classroom supervision at the 1niti1al levei. and i1nciuded an
inservice leacer apprenticship program at the advanced
level. A wide varliety of assessment tools were usea to
stuay the effects of the Pro.uect.

Th1s monograph aescripes the ELM ProgJect s
phiiosophical baslis ana methoaology. ana presents the
results and conclusions from this work. The i1mi1ts of the
program are explored and the aesign of “"next steps" 1nformea
py ELM Project work are aelineatea.

Pecagogicail Principies

in recent vears pre-colilege mathematics i1nstruction has
become a problem of national concern. American pusiness andg
qgovernment have made quality mathematics and science
equcation a priority because they perceilve that the iack of
quality eaucation 1s eroding the Unitea States: position as
a leacer 1n science and technoiogy. 1In particuiar. thev are
aemanding that the schocis prepare stugents wno can soive
propiems ana think criticaliv ana creativeiy (Goiaberg anc
Harvey, 1983),

Mathematics eaucation therefore must pe changeda Lo meet
new ccnairtions in the modern worla (Mationai Science
Founacation. 1983). The 1ncreasea use <f computers and tne
oproilferation of new i1nformation caii for stugents wno an
think mnatnemacicaity rather than mereiv memori1ze formuiae
and manipuiate matnematical sympols (Fey. 1984). Conceptua!
uncaerstanding. sk1lll 1n solving probliems. ana the apiritty to
iearn new mathematics wili serve Americans far better in the
1990“s and beyond (National Council of Teachers of
Mathematics, 1980: Papert, 1980: Schoenfeld. 1983: NAEP.
1983, National Research Councili, 1989).

Cecnventional approaches to mathematics 1nsStruction
generally r.ave faiied to foster the ski1lls and unaerstanaing
that have peen cailied for. Teachers of mathemati1cs whoO Tenc
to foiicWw the textpooks I1n a lock step fasnion Spend a
majority of thelr time iecturing to Students, providlng them
with (nformation to pe memorizea, and modeilng sample
propiems toO De used as tempiates for the soiution Of nearv
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ltagenticail propiems. Studgents wno have pPeen Ta.ant 1n this
wav often learn to be successful mathematics stucents bv
memor11zZing algorithms or proceaures for soiving propiems.
Manv of these successful Stuaents. when attempting to stuay
more advanced mathematics. fina that their methoa of
learning mathemacics 1S 1nadequate. They have not qevelopea
sk1118 1n thinking mathemacicaliv. Mere aavanced
mathematics. therefore. 18 off-11mits to them as are many
mathematics-relatea career choices.

Constructivism 18 a view of learning that may proviae a
foundation for mathematics i1nstructicn whnich aaaresses these
eaucat:onal shortcomings. Accorading to the constructivist
perspective. meaning anda unaerstanding are constructed by
the learner (von Glasersfeld, 1983). Only through active
cognitive i1nvolvement do conceptual understanaing ana
problem solving skills develop. Active cognitive
invoivement refers to making connections to past iearning.
constructing new representations ana modeis of reaittV. ana
struggl ing with the conflict between exi1Sting personal
moaels of the worla and aiscrepant new i1nfermation. Praget
(Waasworth. 1984) empiricaliy cemonstrated the 1nteractive
nature of iearning; learner”s must actively operate on new
information while bringing to bear prior experience and
cognitive gtructures.

Constructivism runs counter to the notion that a
teacher can pass on her understanalng to passive iearners.
who 1ncorporate exact copies of the teacher s unaerstanailng
for their own use., in contrast. a constructivist view of
tearning suggests an approach to teaching that gives
stuaents the opportunity for concrete experience through
wnich they can discover patterns anad bu:irld conceprts as a
sol1a foundation for more abstract unaerstanding. The
mathemati1cs ciassroom 1S viewed as a propiem solving
environment (NCTM. 1987) 1n which developing genera:1zed
proplem sciving ski1llg., expanding creative thinklng. and
pburiding confiaence to approach new propiems are valuea more
than the answers to particular proplems or the rote
memorizaction of aigorithms.

Insrruction of this type, while appiicaplie to aiverse
populations of gtudents. has been 1acenti1fiea as peing
responsive to the particular learning neeas of women
(Belenkv et ai. 1986).

The role of the teacher in such a classroom s
aitfferent from tnat 1n the traaitionai ciassroom. TIne
feacher 1S no tonger tne teller. put the creatsr cr pProc:
SOlving situations wnich focusS STUOeRTS SN [ne AIscovery o
new 10eas 3nda new unaerstanalngs. The teacher attemprs Lo
Seiect £asks wnich requilre 3 cognitive reoroanlzation in
oraer to pe soiveda. The student 1S chaiiengea to use nis
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previous knowiedae i1n new wavs and to extenda or ailter nls
previous unaerstandings. In order to accompilsh this. the
TasksS MuSt be grounced 1n experlences that are famlilar or
accessible to the stuaents. Thus. the mathematicai concept
to pe learned must be embeddea 1n the context of reai woric
situations that are within the students’ common expertence.
In pnysical obliects that thev can mantipulate. or
mathematical structures that are alreaay soliaiy known.
Using this firm case, students solve novei propbiems.
discover new relationships, and reflect on their processes
ana resulcs.

Reflection 18 1ntenttionaily bulit i1nto tne
instructional setting. Munav. Waxman ana Confrev (:1984)
pointea out that "the zapacity for reflection upon previous
representations and theilr constructions {stuaents:
consgtruction of meaningl 18 essential 1n cdeveloping ana
evaluatina more adequate conceptions."” UOne technique for
ceveloping reflection 18 to have Students wWork in pairs anc
1n aroups. This change 1n classroom Structure has tnree
important attriputes. First. students' verbaiization heips
clari1fy understanaing ana i1aenti1fy confusion. Second.
verpalization of thelr Strategies anad the reasons for
choCsS:1ng one =ATrategy over another brings avout refiection
at poth a ccgnitive and metacognitive levei. Metacognitive
skillgs., aiso referred to as manacgerial skills., are the
sk1lls needed to think to use a particualr probiem solvina
gtrategy. to cecide 1f 1tS use 1S appropriate. ana to
moniftor i1ts use. eirther continuing 1tsS use or abandoning 1t
at a certain point. Third, having sStudents discuss. debate.
ana chatllienge mathematical i1ceas among themselves creates a
shtft 1n the locus of authority over the mathemarticai
material. Students acquire a sense of thelr own autaoritv
and the power of their own loglc. rather than vest ail
authority 1n the teacher. )

The teacher facilitates further refiection on anc
verpalization of unaeriyving thought processes ov the
ski1llifuil use of non-directive questions. Prooing guestions.
In contrast to leadaing questions. i1nvite Students to tocus
on the sometimes Supbtle cholces they are making angd the
reasons for making these choices. The goai 1S to neip
stuaents make theilr thinking expiicit ana develop their
metacognitive skilis. Such questioning 1S usefui not oniy
when working with an individuail. pair or group of stuaents.
out also when facilitating a whoie-class proplem solving
gession. With 1ts focu$ on students: thought processes.
rather than right answers. thi1s8 form of questioning aiso
celntorces studaents’ own auxnhoritv and contriputes te
erasing the viS10n Of the teacher as ali-xnowing answer
aiver.




Leaaing questions. on the other hand. sSucgesr
particular strateqglas, therepoy limiting the metacognitive
ceveiopment of the gtuaent. Stuaents who have peen ieq
through the probiem sociution as a resuit of the teacher' s
ieaaing questions often meet with frustration wher.’
attemptling to work simliar probiems on thelr own. Students
frequently explain poor test or nomework resvits. "I can ao
1t when you’re asking me questions, but I couldn't co 1t oDy
mvsel f.*

In the cases where the assigned task proves too
difficuit for the student, the teacher offers subtasks.
rather thaa solutions. These subtasks. which demana a
smalier increment 1n understancing. aiiow Stuaents to Stiii
pulld thelr own understandings rather than being tola how to
do 1t by the teacher. The teacher designs iearning tasks
which chalienge the stuaents to resolve conceptuai
arfficuities or alter misconceptions.

Principles of Teacher Eaucation

It 18 not sufficient for a teacher eaucation program to
feature 1nnovative curriculum and methodologies. The
ultimate test of any teacher eaucation program 1S whether
the teachers i1mpiement these 1nnovations in the classroom.
Research shows that teachers teach as they were taugnt. nor
as they were taught to teach (Jones, 1975). Therefore.
tnnovative teacher education programs musSt devisSe wavs Lo
compete successfully with the years of prior teacner
moaeilng ana the i1nstitutional pressures to malntaln the
status quo. The two principies of teacner equcation Lnat
foliow seem to have such potentiai.

1. Teach as you would have teachers teach.

In oraer to have maximum 1mpact on teachers approacnhes
To mathematics i1nstruction, teacher eaucation shoulad
consistentiy model the type of i1nstruction pelng advocateaq.
(King. 1980). Teachers need to expertence the roie ot
mathemat!lcs learner. consistent with the constructlvist
view. pefore they are ready to facilitate such iearning
among their sgtudents. This means that the teachers must be
challenged at their level of mathematical unaerstanding and
problem solving ability. In many teacher education courses.
hands-on experience means trylng out student lessons (1.e..
completing tasks that are given to school chilaren). For
teachers with strong mathematics packgroundas. tnis 1s i1trie
more than famlilarizing themsSelves with The ieSSORS: i1Crie
or no conceptual learning or expansion Of propbiem SOIVING
Sklll 18 taking place for the teachers. in contrast.
teacners who are chailengea at thelr own ieveis. wno are
confronted with matnematica: CONCeptsS ana probiems that thev
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nave not encountered pefore. INCrease theilr MaTtnematical
knowleage ana experience the depth of learning that can take
piace 1n a learning environment that fosSters Students-
constructions of mathematical 10eas.

In aaairtion to teachina mathematics pasea on a
constructivist perspective, the entire program tor
aevelopling mathematics pedagogy shouia emplioy a
constructivist approach. The most effective teaching
strategles should be usea. not only 1n schooi ciassiooms,
put also to facilitate teacher iearnina. Therefore. 1n using
a constructivist approach. teachers are encouraged to
ceveiop new understandings of iearning. to refiect on thelr
past mental moaels of teaching. anda to pulia Mere sfie~r o
modeis pased on thelr expertences in the program.

2. Provide Follow-up, Supervision, and Support

Transliating one s iearning 1n an i1nservice course 1Nto
new approaches to operating 1n the classroom can be
extremely aifficult. Pressure to cover an ex1sting
curriculum. lack of i1nstitutional support. resistance from
students. and demanas on teachers: time ail may reauce the
actual effect that i1nservice programs have on mathematics
instruction. Implementation efforts may pe put off
tncefinitely. Initial efforts that do not meet with i1nstant
success (the norm rather than the exception) are often
abanconed. A greater i1mpact may pe reallzed when programs
integrate clinical supervision of classroom practice with
methods courses (Simon. 1984)>.

Hall et al (Hall. Loucks. Rutherfora ana piewiove. :1%$75:
ha1! 3ana Loucks. 1977) have cemonstrateda tnat tne
impiementation of ciassroom 1NNOvVAT1IONS AoesS NCT take biace
ail at once. put rather occurs 1n several stages. Th!S
often overiookea developmental process was aescriped oY the
researchers:

Before actuai use. the 1naividuai pecomes iamlilar wlth
anda 1ncreasingly knowieageabie aoout the 1nnovati:on.
First use 1S typlcally disjointea. with management
problems quite common. With ccitinued use management
pecomes routine. ana the user (teacher oOr proressor) 1S
aple to airect more effort toward increased
effectiveness for the clients (learners) and integrate
what (s)he 1s doing with what otners are aoing.
Obviouslyv, these aavanced ieveis of use are not
attainea mereiyv pv use of the 1nnovation throuan
severai cycies. EXperience 1S essential Dut st
sufficlent to 1nsSure that & Qlven 1aQivim.s  Wlig
Jevelop hign-quailty use of an 1nnovation (Hart.
Loucks. Rutherfora ang Newiove. 1973),
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Tne researcners Went on to emphaslize the jmportance of
support for the 1NNovation "extenaea across severai cvcles
of use." It IS 1MPOrtant to Provige SUuPervision’support
until the ciassroom teacher has reached a sustainapie ievei
of use of tne i1nnovation. Teachers. TO be apie to make &
valuaplie contribution to the i1nservice Qeveiopment of
others. shouiQ pe at an aavancea ievel of unaerstanaing of
and factiitty w'th the i1nnovation. (See the gescription of
the Leveis of Use 1n Appenaix C.)

Project Goals

1. To assi1st 1nservice teacners 1n geveloplng a
constructivist view of mathematics learnird ana assist them
1n geveioping and i1mplementing i1nsStructional approacnhes
pasea on this view.

2. To agevelop teachers as workshop leagers who wiii
Introguce tneir coileagues to mathematics 1NStructioOn paseq
on a constructivist view of learning.

3. To provide a useful modeil for the i1nservice eaucation oOf
teachers of mathematics.

El{fC‘ 1i
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PRPOGRAM STRUCTURE

Backarouna

Since 1983. the Summeritath for Teachers Program has
peen CoONAuUCtINg Summer I1NStitutes to Introauce 1nnovative
Instructionai approaches based on constructivisSm O teachers
of mathematics. In the fali of i984. wnen tae proaram
atctracted the 1nterest of local school districts. Districe
AOMINISTrators anda mathematics teacners. Summeriatn for
Teachers staff. and Mount Holvoke Coilege facuttv ana
adminisStrators opeqan to Meet monthiy to Ciscuss the
potentia! penefits to local schoois of the Summeritiath
approach.

Early 1n the discussions. the schooi aistricts
eXpressed thelr need o cevelop ¢ore groups of mathematlcs
teachers who. with appropriate trailhling ana folliow-up. courq
pecome educational leaders 1n thei:r own AISTCriIcts. 1The qQoa:
of the districts was to cevelop effective. autonomous.
1n-house 1nservice training for their teachers. The
cistricts recogniz2ed the significant value of summer
jnstruction programs such as the SummerMath for Teachers
Program. However, the group alsoc agreeda on the need tor
foliow-up 1n the ciassroom to ease the ai1fficuit transition
from summer tralning programs to nhnplementing new
methodologles. As the discussion progressed. 1T pecame
ciear that a comprehensive program of 1ntensive summerctime
Instruction reinforced AuCring the academlc Vear was
necessary to prepare the teachers for ieadership roies 1n
thelr home school districts.

These 1deas and objectives pecame the core of the
Eaucationai Leacers 1n Mathematics (ELM) Project. Tne ELm
Proiect was cesianea to meet the neeas of teachers as they
move from 1earning 1nnovative approaches for matnematlcs
Instruction. to 1mplementing these approaches !n the
classroom. ana finaily to teaching these approacnhes to otner
teachers 1n their aistricts.

The ELM Progect, a five-stage inservice progaram tor
=igmentary ana seconaaryY teachzrs of mathematics. extended
the work of the institutes by providing intensive foiiow-up
to assist teachers 1n 1mplementing 1nnovative eaucational
approaches 1n thelr own ciasses. The ELM Proiect 31s0
setected teachers who completeca the iInittial Leve: of tne
Proect (Summer Institute ana foilow-up) for acvancea
tralning to prepare them tO Cconauct INServi¢e WOrkshoos 1n
thelr a1Stricts.

i
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OQutliine of the Program

ini1tiai Level

Stage UOne: Summer Institute (stipendas paid to teachers)
Stage Two: Academic Year Follow-Up (Weekiy classroom visits
by ELM Project staff plus four aaditional foiiow-up

workshops)

Advanced Level

Stage Three: Advanced Training Institute (stipenas palda o
teachers)

Stage Four: Inservice Trainer Apprenticesnip (Co-pianning
ana co-ieadinga with ELM staff of schooi aistrict
1nservice workshops)

Stage Five: 1nservice Tralning (School aistrict inservice
workshops with minimal ELM support)

Description of Program Components

Stane One - Summer Instlitutes

The Summer Institutes (one for eiementary and one tfor
seconaary) provided a unifiea. two-week program PASed on a
construct)ivist view of jearninga. Thls theoreticai
perspective shaped poth the content ana the methocaocioay or
the Institute. Not only ala teachers iearn apbout
constructivist theory and 1ts importance for 1mproving
mathematical unaerstanaing. ilnaoependent thinking. ana
problem solving, but they participatea i1n an Institute whicn
was consistentiy taught from a constructivist perspective.
Thus. the learning experience of the two-week Institute
served as a modei for 1mproving 1NStruction.

1

Through reflection on their own learning ana on the
tearning of chiidren, teachers were encouraged to question
their fundamental assumptions about learning as weii as
theilr 1ngrained patterns of teachilna.

The Institute’s design was basea on the Karpius
Learning Cycle (1977). The 1niti1al phase of the two-week
institute was spent 1n experiential-refiective exploration
of i1earn:ng ana teaching. 1Towardas the end of the first
week. rTeachers were 1nNvoivea 1n apstractling unaeriving
principles from their retfiections on thlsS eXp:oratory work.

ERIC 13
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The final week was spent on application. Teachers workeg o
the aeveinzment of inStructionai sSk1iisS ana the cdeveiopment
of iessons which were pasea on the principies of learning
that thev deveioped 1n the first week.

The Institute schedule 1ncluaed three ciasses each
weekday. Conceptuai Unaerstanding ana Problem Soiving took
piace each morning for three hours: Logo and Computers each
afternoon for two hours: and a phvsical education ciass
foliowed lunch for an hour and fifteen minutes. Eacn of
these classes 1s expialned 1n the folicwing section.

Conceptuail Unmerstanaing ana Propiem Soiving

During the first few aavs of this class. ELF staff
taught mathematics to the participating teachers. 7This
aliowea the ELM staff to modei mathematics teaching
consistent with a constructivist view of ijearning anc gave
the teachers an opportunity to iearn mathematics I1n a
classroom where construction of meaning was vaiued.
encouragea. and alrectiy plannea for. The mathematicai
concepts chosen were relatea to the content covered in
elther the elementary curriculum or the secondary
curricuium, but chosen to pbe chalienglng to the teachers
involved. Thi1s was not a simulation. put an actuai
opportunity for mathematics learning.

These mathematics lessons. which sometimes carrieda over
from one aay tO the next with homework assignea in the
evening. were foliowed by 1ndividual ana large aroup
refiection. Indiviaual refiection was 1n the form of
Jjournai wi'lting (alscussed peiow), ana group refiection was
facilitatea pv a staff memper. Refiection focused on the
experience of learning, on the structure of the lesson. ana
on the roies of stuaents ana teacher.

Towara the ena of the first week. after participants
naa spent several cavs 1h mathematlcsS ieSSONS. they were
asked to svynthesi2e their reflections to pe apie To aescribe
tc the group the unaerstanarngs of learning ana teaching
that they aeveiopea from the week s work. These syntheses
were shareu 1n the large group throuch prailnstorming anda
ailscussion. A staff member facilitatea this process ana
providea vocapuiary for a number of the concepts of peaagogy
1gentifiea. Emphasis was piaced on the 1mporzance of
WOrK1Ng from theé COncrete Lo the aprsStract (Oor xNown TOo, rhe
unNKkKnNown?) ana on the constcuction of ungerstanding sy the
learner. Teachlinda methcas that hada peen experlienced
In¢iuaing smaii group work. use Of aitern:zre
representations. ana teacher as £acl11L3aLor (ratner o=
iecturer) were aiw.sEed.

14
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The next phase of the program focuseda on sStudents:
iearning. Through faclittated ailscussions of videotaped
interviews, teachers haa the opportunity to focus on the
understandings and the misconceptions of students. They
were also encouraged to reconsliaer the principies of
learning and teaching that they had deveioped 1n the
institute 1n iight of the misconceptions (or lack of
understanding’ exhibited by the stuaents 1n the 1nterviews.
Thi1s work was foliowed by work 1n triads to caevelop
teachers® apiiities to ask proping (non-ieaalng) questions.
Such questions get students to be refiectlve ana expilcilt
apout their thinking and methodoiogy. Prooing qQuestions, as
contrastea to ieading questions, ao not provide
metacognitive clues to a proolem soiutiosn. Thls phase of
the program was designea not Ooniy tO qevelop Sk1lii 1T
proping questions, put to heip make teachers more aware Ot
wnen they wish tO ask a proping question versus a teading
questlion. and the consequences of each.

Thls work was foliowed by two opportunlitles to
i1nterview a student one-on-one. Th2 first i1nterview was
gesignated as a time to assess the mathematicai
understanding of the stuaent. to find areas i1n which the
student seemed tO have a soild understandling and areas where
the student’s understanalng was weak or 1mvoived
misconceptions. After i1ndividual. palr. ana iarge garoup
reflection on this experience, a secona lNterview TOOkK piace
Wwith the same stucent 1n which the teacher attempted Lo Work
on one area of weak understanding. using what they
laentifleda as thelr new TOOIS pPased ON the INSTITUte wWork.
Again., this phase was foiiowed py refiection.

The final phase of the Institute 1nvoivea a series ot
tasks aesianed to deveiop teachers: akilities to pian
constructivist lesson sequences. Teachers were i1nvoivea 1n
aesi1aning probliems to assess unaerstanaing: 1dentifving xev
concepts, supconcepts, and prerequlslites: designing :initilail
tasks to buila on the mathematical or worla knowieage of tne
stugent: designing activitlies which ii1nk these more concrete
activities to apstract concepts and symbolism: ana finaiiv.
Seiecting activities that require appilcation and extension
of the abstract concept. Lessons for the primary graces
tenaea to be restrictea tc the mere concrete end of this
spectruin of activity.

Lesson sequences were devejoped i1n smaii aroups ot
teacners from the same aracae levei. They were snared with 3
larger group of colleagues ana staff for the purpose of
critiqQuing ana feeaback.
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The flnal morning was SpPent AdlSCUSSINgG pracricat 1SsSues
ana speclific consiaerations far impiement:ng some of these
orincipies of iearning ana teach!IinNg 1N the C1asSSCoOOm.
Particular emphasis was pidacea on reasonapie f{1rst steps.
aeveiopling one s OWN Cia3sSroom practlice pefore attempting To
infiuence other teachers, ana realistic exXxpectations of
I1nitial success.

Logo and Computers

The Logo ana Computers class servea two purposes. The
first was to proviae an adailionai, OnNgolng OpPOrtunlty for
teachers to iearn new concepts 1n a constructivist iearning
environment. The sSecona was to glve Tteachers handas-on
experience of computer toois ana environments wnhich can pe
used 1N the construction Of mathematicai concepts and the
development of problem solving abiliities.

Logo. the educational computer ianguage. was tauvant for
WO weexs to elementary teachers and one week tTO secondary
teachers. 1t was chosen pecause of 1ts appeal ana
accessibility to students. because of 1ts rich potenttiai for
the development of geometric and functional reiat:onsnips.
and 1ts usefulness as a problem solving environment.

Seconaary teachers spent the second week of the
computer ciass working with mathematicai software.
particuiariy the Geometric SuppOsers and graphling packages.
They were provided with iessons which encouragea the use of
thi1s software for exploration and the generation o%
hvpotheses,

The computer ciass conciudea with a refiection on the
types of iearning that took piace ana the sSpeclilc potenii-..
that such computer environments have for 1mpiementation 1n
the ciassrooms ouf the teachers 1nvoivea.

nvsicait Education Classes

Each teacher wno was not preventea pvy phvsicail
disaplilty participatea 1n one week of 1azz dance
instruction and one week of tennis 1nsStruction. instruction
was provided 1n classes of approximateiv eighteen teachers.

The phvsical education ciass served twO maln PUrpoOses.
First. 1t proviaed a preak from the mentai demanas of the
acaaemlc ciasses ana the 1ntense emotional dademandas on
PArTICIDANTS wnO were Taklng a hara {00k at the tLeacning
That rney a0 ana nave aone for an average oOr seventeen
years. (Thi1s process of reifiection can pe a painfui one azg
times.) Seconda. 1T cCOntriputed TO the overaii goal Or
having teachers reflect on learning. Dance and tennts
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ciasses gave the teachers an opportunity to reflect on the
iearning of new skills (physicail skills). adgaing to their
overall unaerstanding of learning. Thev aisc gave teachers.
who mav pe comfortabie 1n the domain of mathematics. the
OppPOoOrtuniltv to De novices 1N an area 1N wWhich theyv dld not
feel as comfortable. Teachers were¢ often able to reiate
thelr experience 0f gance Or tenn!s anxietv to the math
arxiecy experienced by students 1n their classrooms.

One teacher's reflections demonstrated the connection:

atfective, were brought home ToO me 1n tennits.

i came to Tennis as a wliilng learner wr 7> happened
to have no mayor aptitude ana a t nch of
misconceptions—--the situation of manv of mv
stucents 1n my classes.

It was not the iearning of tennis or jsazz acance itself
that was the kev to this component of the program. Out
rather the fact that thev were empeadeda 1n an aimosphere o
refiection on learning.

Other Parts of the Program
Pre-Institute Reaaings

Teachers were sent reading assignments prior to
arriving at the Institute. Pre—-institute reaalnas 1nciuaec
a review of some of the work of Jean Praget ana reacdings
from firhcstorms oy Sevmour Papert. Assorted .aournai
arcicles pegan to get teachers thinking apout some of the
key 1ssues of learning and teaching. wnile not expicitiv
cgescribing the concepts ana principies that teachers woulc
nopefuillyv construct auring the first week of the Institucte.

The Journal

Throughout the program. teachers kept a personai
Journal which was usea as a principal i1nstrument for
reflection on all phases of the Institute experience. Thev
were asked to begin the Journal pefore thev arrivea at the
tnstitute with a discussion of their pbeliefs apout how
mathematics 1s learned and how 1t shouid pe tauant. During
the 1nstitute, they recorded their thoughts and reactions
each cav. At the ena of each week, the journai was
coliecreqa anc read pv the oroject staff. However. teachecrs
nag the opportunlity to foia over any pages tnhat [hey <1c not
want reaa. fHo evaluation Or comments were made Sn the
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Svnthesis Papers

At the ena of each week of the Institute. teacners
wrote a syvntnhesis paper pulilng together thelr iearnings
from that week at the Institute. Journal entries from
before ana during the Institute proviaed much of the raw
material for these syntheses. Program staff reada ana
respondea to the papers.

Evening Assignments

During the Institute. a minimum of aaaitionai
readinas were provided foilowing reievant activitlies.
Teachers haa mathematlcs work to Ao auring the first few
cavs. Tney also had planning tasks to ao outsige of ci:ass
auring the secona week. TFrolliowlng the 1hterviews. teachers
were asked to listen to thelr 1nterview tapes, refiecy on
them, and to work with a colleague 1n providing feeavack Lo
each other on the 1nterviews.

Gsuest Presenters

Women and mathematics. Althcugh 1t has peen suggestea
that constructivist ciassroom structures are petter sulted
than traditional classrooms to the specific needs of femaie
students, constructlvism 1S not 1n 1tself a cure. It 1s
eveh possible that gender-bilased ciassroom avnamics coula pe
exacerbated by the more active i1nvoilvement of sStuaents
(e.g., males taking a more acti:ve role 1n smait groups).
For this reason the topic of women I1n mathematics was
addressea directly. 1In each Institute. a guest presenter
conducted a workshop on Women ana MathematlicsS to neilgnten
teachers: awareness of the dynamics that often take place
between maies and females and the teacher 1n ciassrooms.

Plaget. Throughout the 1nstitute., teachers were
actively tearning apout constructivism. Plaget’'s view of
learning. This learning was supplementea througn a workshop
conaucted pY a guest presenter. The workshop heipea
teacners to apstract Plaget s theory of equlilpration ana to
unaerstana the tvpes of thinking characteristic of aifferent
stages of aeveiopment.

Coilieglal Discussions

An 1mmportant part of the program was the coiieqiali
Q1 SCUSS10NS that teachers had AurinfNg NON-c1assS hours.
Teacners were Strongiy encouraged to pe 1h reSlaence In tne
cormitory pecause Of the 1ncreased opportuntity f£or sucn
ACT1IVITY. DISCUSSIONS Detwsen TeachersS can proviae a
partiai remeay for teachers’ feeillnas of 1SO13TION IN their
own Ciassrooms.

1o




Stace Two: Classroom Foiiow-up

The Ciassroom Follow-up component of the ELM Project
provigea extiensive Support ang Supervision for pargiciparting
teachers who had compieted the two-week summer 1nstitute,
One ELM staff member was assigneda to each teacher. (Staff
members‘ case |oags varied from two to eleven teachers.)

The staff person visited the teacher’s classroom one ciass
reri1oa a week'and following the ciass met for a half-hour

with the teacher. This weekliyv visitation took piace from

Sectember through May.

At the beginning of the vear. the ciassroom teacners
chose from what they found vaiuabie 1n the Summer Institute
as a starting place for implementation. The staff memper
proviaed feedback. demonstration teaching. opportunities for
refiection., ana suggestions with the teachers: own goais 1In
mind.

Teachers aiso attended four ELM worksnops (two gav-icng
ana two half-cay) auring the academic vear. Tnese WoOrksnors
ailowed for coliegiai sharing apout 1mpiementation efforcs.
hanas on iessons reiated to common concerns, anaivsis of
student learning anda misconceptlonsS. ana smali group
pianning sessions. Schooi aaministrators were inviteg to
attend one of the afternoon sessions along with the teachers
to pecome more famiilar with the program. An adaitionai
meeting was set up for the aaministrators to deai
specificaiiy with administrator invoivement.

Stage Three: The Advanceg institute

Foilowing Stage Two, ELM teachers who were i1nteresteq
In participating 1n the Aavancea Levei of the Progect
reaprilea. Whereas the ELM arant providea support eacn Year
for tweive of the thirty 1nitial ievel teachers to
participate I1h the Aavanced Levei. additional teacners were
accepteqa each year with financiai support fromr varcicipating
school aistricts.

The goal of the Aadvanced Levei was to aevelop teams of
In-nnuse 1nservice |leagers for participating schooi
daistricts. Thus. the Advanced Institute was des:anea potn
to further the classroom work of the teachers 1nvoivea anc
to proviae training for these teachers i1n conaucting
Inservice workshops.

The Aavancedq Iinstitute pegan once agaln wWitn
oppeortunities for tne teacners TO be matn Stugents ang Lo
reflect on these experiences. Efforts were maae to cacry
TnCouan 1NSTructionail units peyona Singie 1esSsons to glve
fescners a tuiler mode! Of tne Qgverapment of Conuepns,
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Teachers aiso engaged i1n anaivzing stuQent (:22arNiNg tnrough
videotaped 1nterviews.

The greatest emphasis I1n the Institute was oOn tne
ceveiopment of iesson sequences. Teachers worked I1n VAarious
grouplngs to »ian i1nstruction. recelv.? feeapack, ana revise
1nstruction. Avalliapie curriculum materials wnich lena
themselves to construction of concepts were adaptea as part
of the planning activities.

In aadition to this work, teachers Prepared for tneilr
WwOrk as inservice leaaers. They practiced questioning
ski1lls. facilitated groups. and conductea sampie jessons.
They discussed reasonable expectaticns for i1nservice
workshops anc how workshops were different from two-week
Institutes. An attempt was maae to anticipate alrfficulities
and to discuss feelilngs that teachers haa as thev
contemplated this new roile,

Stage Four: inService feaaer Abprenticesnip

During Stage Four, teachers, 1n teams of at ieast two.
worked with an ELM staff member to plan ana ieaa four
inservice workshops. These workshops of approximateiy
two-anda-a-haif hours were conducted i1n the teachers’ own
school districts. Typically. the amount of responsiplility
taken py the teachers i1ncreased vver the course of the four
workshops.

The planning sessions for these worksnops aiso serveaq
as 2 support system for the advancea ELM teacners wno
recelved no classroom toliow-up auring this secona academic
vear.

Stage _[i1ve: inservice peaqaersnir

in Stage Five. the teachers from Stage rour proviaec
aaditional i1nsz2rvice leaacership In thelr aistricts
1naependent of ELM staff. ELM staff remained availabie for
consultation put did not take an active role 1n the qgelivery
of the 1nservice training.
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in orcer ro assess the teacher aevelopment efforts Ot
ELiM. avaliapie evaiuation 1nStruments were used Or modliled
anda new i1nstruments were developed. Below are descriptions
of the 1nstruments used.

Questionnailires

Questionnalres were adesigned to provide a mecnanism for
pacrticipating teachers. aistrict teachers who attenaced Stage
Four workshops. and disStrict adaminisSirators to evajuate tne
var1ous components of the program. Ail quest:oprnaires nad
orer gnded questions ana Likert-style questionsS L0 &, i0W IOC
ooth quailtative and quantitative evaluation. Coples of tne
questionnalres are founa i1n Appendix A. .

All Institute participants (ELM and non-ELM teachers)
fiilled out anonymous questionnalires at tne end of tne
Institutes (Stages One and Three). A subset of the 1tems.
those which cealt with the Institutes” effectiveness 1in
general. were used to provide a numerical evaluation. ELM
teachers aiso turned 1n questionnalires atr the ena of tne
fol low-up program (Stage Two? and at the ena of tnhe
apprenticeship (Stage Four).

in Apri1l of 1988, ali ELM teachers who nac enterea tne
program petween 1985 ana 1987 were requested O turni!sn
aaartionai i1nformation 1n response to tne foilowing
Qu.. ~T1ONS:

1. What changes have vou opserved I1n your stucents as a
resuit of vour i1nvoivement 1n the ELM Project?

(inciuce all types of changes: positive. negative, ang
neuctraij.

2. What activities. not airectiy a part of ELM. have
YOuU engaged 1n tnat were a result of your participation
1n the ELM Progect? (Please 1nciuce classroom work,.
things you have written. ieadersnip. work witn otner
teachers. (1nvoivement 1N other program. curricuium
cgeveiopment....)

District teacners <(non-ELi) firiieq out 3 sSnoct feeqpnack
IOCm 0 evaiuate Stage rour worksSnoPrsS CONGUSILSA DV =

teacners ana statfrt.

[

in Apri1i 1988, aaministrators of all particioating
OISIrICTS wWere asked (O respond TO questionnalres Co
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evaluare the ELM Project--one for the initia: Levei ana
another for the Aavanced Level.

Attitude Survevs

Attiltude surveys were created to examlne changes 1In
stucent attitudes as a result of their teachers:
parcticipation in ELM. The surveys had two Likert-styie
components: 1) a set of items about engoyment of matnematics
anda the importance of mathematics that were compined to
caicuate a generai attituae score. and 2) a set of 1tems ror
wnich stuaents respondea to the fo!lowing question: *To do
weil 1n mathematics., how 1mportant are these?" These 1rems
provided i1nformation on stuaents’ conceptions of learning
mathemattics.

Items from ex1Sting I1nsStruments (Alken. (974 ana
Schoenfeia 1985 were used or zdapted. Aqditiona: ltems
were written parcticularly for the ELM instrument.

initiaily the same surveys were glven to graaes four
through twelve. After two years, however, eiementary
teachers expialned that the format and woraing of the ltems
wvere too compilcated for young students. A new, simpler
version was written for eiementary stuadents and administered
auring the third vear of the program. Elementary and
secondary surveys were complied separately.

Coples of the attitude surveys are founa in Appenaix B.

Standardizea Mathemart:ics Tests

Teachers of all grades. one througn tweive.
aaministereda a standardlzed test which 1nciuced Singie tests
at tne primarv level and tests of Mathematics Computat:on
ana Mathematics Basic Concepts in grades 3 through 1.2.
Simliar to most stanaarized tests avaiiapie. they ao an
tnacequate oo of measuring conceptual understanw4:ing isnd
proplem soiving abiliities. They primartiy evaluate routine
and procedural knowledge of mathematics.

Levels of Use and Assessment of Construc{ivism In
Mathematics Instruction

The ELM Project proviaed the opportunity tc identitV
some oOf the particuiar evaluation 1SsSues thali MusSt De
considerea wnen assessing 1mpiementation of INSLIuUct1on
pased On & CONSTruUctiViIST perspecrive,
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Evaluating ciassroom impiementation 1S a Step that 1S
often overicoked 1n assessment of 1NService programs.
Frequently the success of a teacher qgevelopment intervention
1S determined pyY measuring the 1mpact On the studgents of tne
participating teachers. Such an evaluation 1S pasea on the
assumption that participating teachers have. 1n tacet.
successfuily i1mplemented new methodas and that Stugents test
scores i1naicate the effectiveness of these methoas.

However. 1n oraer to assess the 1mpact of new teaching
methoas on stuaents. wWe must first aetermine whether. ana to
what extent. teachers have actuatlty 1mplementea them.

ELM researchers endeavored to distinqulsh between
teachers: 1mpiementation of i1nstructional strategles pasec
on expertences 1n ELM and teachers: aeveiopment of a
constructivist view of learning as a basis for their
Instructionai decisions. The former was designated
“strategles™ and the latter "epistemologvy." Whiie the
implementation of strategles modeiea 1n ELM was viewed as z
signtficant step. 1t 1S the cevelopment ard use ot a
constructivist view of learning that was the principai
oblective of ELM. The foilowing exampie 1iiusrt-ates the
importance of this distinction.

Donala and Eric had each been teaching h:¢n school for
20 to 30 vears. After @ year 1n ELM. thev haa each modirledq
their teaching approach in similar ways. They were Aaclng
iess lecturing. letting students work out proplems for
themselves 1n palrs or groups. anda having stugents snare
their solutions 1n class discussions. Thev were ootn
comfortabie with and verv positive apout these changes.
assessment were basea soley on the implementation of
strategles. the ratinas wouia nave peen Simllar tor Donzic
ana Eric.

-t
"t

Donald and Eric-s ciasses were constceraply aifrerent.
ponala seemea to be basing hi1s InStruction on cONSTructivism
whiie Eric was not. Although their personal stvies were 1n
some ways verv simllar. the two teacners were posing very
airfferent types of propiems for their stucents. For
exampie. at the beginning of each of Donaid s ciasses. ne
posed a questlion that he haa selectea to aaaress a
particular mathematicai concept. He chose the concepts that
he felt were significant (cholces that sometimes alffereaq
from those mace pv the text book othersd>. His questions
chailienged stuaents’ current understanalngs, often 1nvoiving
arplications pasea on the thelr common experiences. AL
otner tiMmes the questi1ons pulit on concepts that naa peen
exp:ored In previous classesS. Whether Qavs Or montns
e3Artter. AS the qAalscussion geveicped. Donaid ri1stenea
carefuiiy to n1S Students. Subsequent auestions were
carefui ana respectfuli responses to wWhat hi1S StuQents were
savinaq,
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in constrast. the propiems LEric posed were selections
from the pages of exXxerciSes contained 1N the text NookK.
Prop-ams were chosen according tTo the edltor’ s
ciassification of aifficuity. A, B. or C. He aia not pase
n1s seliection on criticai CONcepts. nNOr ald he :iocus
Stugients oOn connect1ons petween concepts. He listenea for
sStudaents o aescribe how to perform the probiems correctiy
ana.his focus never wavered from the anticipatea answer.
Donald ana Eric's i1nstructional methoas seemed to stem from
cnffgrent understandings about teaching and tearning.

To assess 1mplementation of strategles. ELM acaptea tne
Levels of Use (LoU) measure. cevelopeda by Hs et ai.
(19753, LoU, through structurea 1nterviews. assesses the
degree to which an tnnovation nas been 1mpiementead. The
instrument 1S designed to evaiuate use of 1NNOVAatloOnNs which
are changes 1n 1nstructional strategles.

To compiement the Information coliected by Loli. tnhe
Assessment of Constructivsim 1n Mathematics instruction
(ACHI)> was aeveiopea by ELM researchers to assess the exTent
to which teachers based thelr insStructionai gecisions on a
constructivist view of learning {epistemoioay). ACHMI was
modeled on the Levels of Use (LoU) 1nstrument (dall et ai.
1975) ana consists of a structured 1nterview ang a rating
procediire for assessing teachers' responses.

The cholice of LoU ana the aevelovment of ACMI were to
meet the foiiowing criteria:

1. The instruments had to be sensitive to the developmental
nature of the 1mplementation process.

Etfective use of new strategles and approaches 1S
achileved through a series of struggles ana successes that
take piace over time. Hall et al (1975) acesignea an
2vatuation tool cailed Leveis of Use (LoU) pasea upon a view
of 1mpiementation of 1nnovation as a caevelopmental DBrocess.

On the LoU rating scale. teachers move from not kKncwing
apout tne nnovation (ievel 0. “non-use"?). tTO using tne
rnnovation wWith different levels of sophistication (levers
I1I tnrough V)., The reievant leveis are outilnea pelow.
(After an 1ntensive two-week Institute and a vear of
supervised Work on 1mplementation, teachers tend to be
elther at Level 0 (non-use) or at Level 111 and apove. in
the originai i1nstrument. leveis I ana II 1nvoive getting
information apout the i1nnovation and preparting to
1mplemens. )

oo
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LOU SCALE
0: NOHNUSE does not use the strateqy.

II1: PMECHANICAL USE wuses the strategy: struggies
with problems of classroom management with
respect TO the sStrategy.

IVA: ROUTINE has 1ncorporatea the strateqy ana
workeda out any mechanical propiems

IVB: REFINEMENT fine tunes strategy to meet the
specific needs of students.

V: INTEGRATION assists colleagues withn
impiementation of the strategy Or coiiaporares
with them in 1mpiementing the stracteagy.

At level 1Il1. "mechanincai use." teachers nave startedq
to use the innovation. put are focusea on propiems of
management. For example. a teacher whose main focus 1S the
most efficlent wWay tO AlSICIQUTte Manipuiartives or to keep
3tugents: nolse levels aown woulia De at thils itevel.

At level IVA., "rou.ine use."” teachers are no ionger
strugel 1ng with management: 1mpiementarion of the 1nnovaction
runs smoothly. At levei IVB, “"refinement.*' teachers pegin
LO revise the 1nnovation to meet the specific neeas c¢f
students. The teachers: shift from IVA to IVB refiects 1
change of focus from teaching@ benaviors tc the Stucentcs
neeas (jearntnaga).

In the LoU 1nterview. teachers are asked {0 aescrlpe
how they are using the 1nnovation. What Lhev see as 1tS
strenaths and weaknesses. ana what pians they nave ror
future use of the 1nnovation. The cevelopmental stage 1S
assi1gneda accoraing to the teachers: descripPtions of thelr
owWwn practices.

2. The Instrument had to be consistent with the program’s
commi tment to let teachers set their own agenda for
implementation.

In orcer to use the LcU 1nstrument. 1t was necessary to
agefine wnhat constiltutes use of the itnnovation. However. the
ELM Project was committed to having teachers acetine rthelc
OWn 1farniNQS., Set thelr OWNn QOo2!1S. and Worr With WRAT Wic
imIortant to them. EiLy] feachers made a varietv of
!Mp{eMent&t10nN ¢cholces pasSed UPON Thelr GWn DPersonai Srtyies,
rne altferent iearnings tnat they ceveicped. 3s wWeti as tne
araqQe (evels and cuituresS Or thelr ClassSes. AS a resust.
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thelr ciassrooms lookea very alfrerent trom each other. In
Septemper. one teacher might choose to focus Oon using
manipuiatives. another ON WOrkling 1N Palrs. ana another on
ilstening to gtudents verpalize their thought processes.
Some teachers committea themseives O one day a weex Of
proolem solving, ana others 1mmedirateiy 1ntegrarted new
methoas i1nto the daily curricuium. AS the year progressen.,
they modified their objectives. However. their efforts
remalined diverse.

The evaluation tool haa to pe fiexipble enough to ajiow
for such variation. ELM staff generated the foiitowing iist
of strateqies that had been modelea consistently auring the
Summer Institurtes.

Strategles Moaelea 1 ELM

1. Using non-routine probiems

2. bExploring aiternative solutions

3. Asxing non-ieading auest1ions

4, Using manipulatives. diagrams. ana aiternative
representat1ons

5. Having students werk 10 groups and palrs

5. Pursuing thought processes on poth “right" ana
'wrong" answers

7. Working with Logo

8. Empioving wait time

9. Ennouraging student paraphrasing of 1aeas
expressed 1n class

During the Lol 1nferviews this li1st of strateqies
servea as a gulae for the lnterviewers. put was NoOt sSeen pv
the teachers. Leveis of Use were determineda ror teachers
wno aescrined use of one or more Of the stratecg.es on the
i1st. pased on the strategy of highest ievei of use.

The ACII assessment maace use of thne same Interview as
the LoU py 1nclucing some aaaitional aquestions. [t was
necessary. therefore. for the interviewer toO aSk quesSTlONs
wnich Qot beyona the strategles peilng emplovea. Basing
INSTructlon On CONStructivisSm lNVoives changes 1N thinkilng
ana pelief. Asking the teacher airectiyv about neilets.
nowever. was unlikelv to vield reitable cata. We wanteda to
avolra measurting how weil teachers coula articutace
phliosophical perspectives Or how cliGSeiy thelr vVocapuiary
matchea our own. Yet. we did want to assess the
epistemoiogicai framework from whicn they were Operating tn
the ciassroom.

10 get at teachers <tniNk1N@ ANA CONCEDTLA[ITATIONS =T
learning, we expanded our lnterview <¢uastlons 0 ask
T2ACNE€ssS to aescrive now they went apour pianning a new
top1LcC. Throuan the Qescriptions f thelr own Processes.
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promptea py proping questlions from the 1nterviewer. -
additional cata pecame avariapie on the teachers primacy
concerns ana the nature of the aecisSions that they maaqe.

In oraer to rate thi1s aata. the evaiuvators needea a
preci1se. working aefinition of constructivism. the
1nnovation being evaluated. We settlea on the foiiowlng
two-part definition:

1. Constructivism 1s a belief that conceprtuai
unaerstanalng 1n mathematics must pe COnNsStruciéea pbv the
iearner. Teachers® concewtualiizations cannot be given
airectiv TO stuaents.

2. Teachers strive to maximizZe opportunities for
students to CONSTruct CONceptsS and minimize teacher teitlilnag
ana student memorization ana 1mmitation. ThlsS sSuggestsS not

-ONiy @& perspective On how concepts are learnea. but also a

vaiuilng of conceptual unaerstanaing.

The ACMI 1s pased on the peiief that a change must taxe
piace at the ievei of one’s theory of iearning. It 1S this
theory that dilrects aeclsions about jnstruction. 71IThe
assumptlon 1S that each teacher aeveiops a unique and
evolving eplistemology. Evaiuation 1n this category
aetermines whether the epistemology i1nferrea from teachers
self-reports can pe characterized by the aefinition of
cConstructivism. apove.

The ACM1 has leveis which corresponda to the Lol scaie.

ACM1 Scaie

r'l
(1]
<
(1]
o

aces not havesuse a CONSLructlviSt eplstemo: gy .

Leveil ITl: attempts to modify i1nstructlion basea on &
general view that 1nstruction shouida lnvolve
Students I1n active CONStructicn. sStruggales wiin
how to 1ntegrace this view wWith teachling styie
and curriculum

Levei IVA: nas moaifiea teaching stvie Lo 1nciuae requiir
active construction by stuaents. fccuses
primarily on teach ~g behaviors.

Levei IVB: focuses on stuaent i1earning rather than teaching
pehaviors to shape 1nstruction from a
CONStructivi1st perspective.

Leve, Y: o assists o0 coiiaporates witn cCO:igagues To
IMPpiement INSLrUCTICN pased ON 2 CONSTrust!v:st
view,
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Tne original Lol scale refiects a pattecn oF
impiementaction (Levels I1I - IVD) that progresses fcom
mechanical use of a prescribed pehavior To the teacners
ownersnip Or the l1daeas penina the pehavior (Levei IVB). In
a program that was daesligned To provide teachers tne
opport "1ty to reflect on learning ana the roie of tne
teache., 1N oraer to CONSTCUCT & nNew personal eplstemology.
thi1s pattern of impiementation aid not fit. The rating
scale haa to refiect a ceveiopmentai pattern consistent With
what we were opbserving in participating teachers. Teachers
seemed to ieave the Institute with a rudimentary
epistemoiogy consisting of come generai views on learning
ana workeda to aeveiop thelr own set of penaviors for putting
those 1deas 1nto action. Therefore. the ceveiopmental
process was reversed. Insteaa of moving from parcicutar
pehaviors to personai commitment (use of strategles).,
teachers seemed to progress from a personal anc generas
comm! tment to specific implementation 1deas (use of
eplstemology).

In ACMI Level I1lI. teachers have a generai. ana usuai:iv
not very ceep, understanding of constructivisSm. but £or the
most part, it 1S not operational (they are trving to fi1nd a
way to i1mpiement that unaerstanding i1n the cilassSrcoom?. Froc
examplie, a teacher might feel that 1t 1s 1mportant for
stuaents to construct mathematicai 1aeas. Therefore. rachec
than teiiing them the 1aeas, she beglins to ask the stuagents
to solve probiems and come up with the i1aeas. &t this
point, the teacher has not developed a comprenensive scneme
that suggests where to start with the stucdent 1n this
process of coOnStruction. nor how tO Structure tne Student s
work for optimum iearning. A teacher at this stage
struggles with how to reconclie new 1geas wWith the
curriculum. textpook, etc. The teacher often focuses ¢n how
to “be a constructivist teacher® ana often negiects To focus
on stucent jearning as the basis for i1nstructionai aeci1sion
mak1ng.

tevei IVA which 1s definea as ‘routine use" required
onivy a moaerate change from the LOU IVA. AL this ieve:.
teachers have pecome comfortable with more active
1nvoivement on the part of stugents ana with a new teachlnag
roie that 1nvoives less telling. There 1S a sense that
thelr teaching pehaviors are consSi1sStent with CONStructivism.

Level IVB 1n the original scale 1s characterizea pv an
attention to the learning needs of the stugents. Teacners
YnO are UusSINg 2 CONSTructlvisSt epistomelogy ar Lever IVB are
peainning to fine-tune thelr !2SSONS. Thev are apie to
mMON1tOr STtudent iearning and unaerstanding 2and revise Lneic
iesSsons. puttIng 1N 1ntermediate stepsS. extendalng
appilcations In certaln directlonsS. and CONEronting
misconceprions. Teachers at Level 1VB nave a rationsie for
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making deci1s10NS ana as & resuil are much iess concerneg
w1lth what tnev “snouiq® or “snould not" ao as
"CONStructivist teachers." In constrast to tevei 11l anc
iVa, the focus 1s on student iearning 1n 2articuiar--not
JusSt teaching behaviors which generate st gent-centerec
iessons.

while the two categories (ep1Stemoiogy ana sStrateqi:es)
are rated lnaepencentiy. aevelopment 1n these two areas
shouia not be construed as 1ndepenaent, {ise of
constructlivist epistemoiogy 1nforms the choice of anc
necessitates the use of appropriate strategles. [ni1tiai use
of strategles, particuiariy when ennanced by the refiection
cn resu:tant stucent learning encouraged py the tfol!:ow-ud
consuitants, often results 1n the aceveiopment ot or
soirarfication of constructivisSt eplstemoiogicai views.

OO
[y
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CHAPTEE 4

RESULTS AND DISCUSSION

inservice programs are geared towara etffectina chanae
In 3iready-ex1sSting 1NST:TUT1IONS as weii as 1n the
InGiviauais who comprise them. Thus. evaiuation or an
InsService program must pe conducted at severai ieveis.
Specif:caliy:

13> Impact on Teachers

2) Impact on Instructional Practice:
Classroom Impiementation

3) Impact on Stuagents

4) Impact on Districts

impact on Teachers

Teachers' Writing and Evaiuation Questionnaires

Staae One: Initial Level Instltutes

During the three summers of the ELM Project. 1988
through 1988, separate two-week Inttiai Lev2i Instltutes
were conaucted for eiementarv ana secondary matnematlcs
teachers. Thirty-six teachers were aagmitted to eacn Of tne
institutes. (Prior to one of the sixX Institutes. cne
teacher dropped out at the jast minute., resui:ng 10
enroliment of 35.) Of the TZ teacners attenalndg eacn
summer . 30 were Stage One ELM parficipants. approXimateiV
one-thira seconcary ana two-thiras eiementarv. The
remaining teachers came from ail over tne COUNtry ana were
not supportea by the granc.

In tne syntnesis papers for tne Initiai Leve:
institutes. teachers were askea to consiaer tnelr
experiences of the weex and reflect upon nNow these
expertences affectea their views of learning ana teacning.
Segments from these papers provide a sense of tne teacners’
experliences and reflections which thev 1acentifiea as
significant.

When teachers developeda new tdeas apout learning ana
teaching. thney tenaed to qaevelop a moce criticat perspective
On tnelir owWwn past practices.

GaVIing peen a tnird grace teacner for tne ©asrt
seventeen years. 1L 1S SOMEWnAT Cl1ScoOncer